. (10, 30) 5′-ttcgagtgtt TGAGG TAGAG TGATG TAT GG TTGAG TAGGT-3′ f (8, 30) 5′-cgagtgtt TGAGG TAGAG TGATG TAT GG TTGAG TAGGT-3′ f (7, 30) 5′-gagtgtt TGAGG TAGAG TGATG TAT GG TTGAG TAGGT-3′ f (6, 30) 5′-agtgtt TGAGG TAGAG TGATG TAT GG TTGAG TAGGT-3′ f (5, 30) 5′-gtgtt TGAGG TAGAG TGATG TAT GG TTGAG TAGGT-3′ f (4, 30) 5′-tgtt TGAGG TAGAG TGATG TAT GG TTGAG TAGGT-3′ f (3, 30) 5′-gtt TGAGG TAGAG TGATG TAT GG TTGAG TAGGT-3′ f (2, 30) 5′-tt TGAGG TAGAG TGATG TAT GG TTGAG TAGGT -3′ f (1, 30) f (0, 30) 5′-t TGAGG TAGAG TGATG TAT GG TTGAG TAGGT-3′ 5′-TGAGG TAGAG TGATG TAT GG TTGAG TAGGT-3′ 
Unbiased DNA motor Devices.
Branch migration is assumed to be random walk process mediated by the hybridization between the toeholds on the fuel strands and their complements on the devices. 1 Thus, branch migration can only occur when the extending fuel strands are associated to the device. At thermodynamic equilibrium, the fraction of devices associated with the toeholds on the extending strands can be approximated by θ (neglecting the branch migration domain).
where [e] and [U] are the molar concentrations of the extending fuel stands and the unbiased DNA motor devices, respectively. The equilibrium constant K = e -ΔG/RT where ΔG = ΔH-TΔS. The thermodynamic parameters ΔH (enthalpy) and ΔS (entropy) were found using the nearest neighbor model, including only the bases in the toehold. 3 T is temperature and R is the ideal gas constant. The function θ represents the fraction of devices eligible to compete in branch migration. Branch migration is iso-energetic. Thus, every occupied state of branch migration leaves the system at the same energy. The maximization of entropy guaranties that every energy state of the system with the same energy will be equally occupied. 4 If the toeholds are sufficiently long they will function as a hinge. At equilibrium, it is reasonable to assume energetically stable completion states do not exist. However, the branch migration allows many states in the system to be populated in the system. This is expected to be a dynamic equilibrium state. 1 The unbiased devices required super saturating with the extending fuel strands in order for the populations to reach significant fluorescence intensities. The devices were saturated with 800-6400 times more extending fuel strands than devices. The fluorescence from a system of unbiased DNA motor devices (with a concentration of 100 nM) was measured at various temperatures between 4° -41° C. The values predicted by θ (after correcting for the temperature dependence of the fluorophores) and the experimental results are plotted together (Fig. S3) . Calculation and detailed discussion of kinetic rates.
The rate constants (k) for the opening and closing of the DNA motor devices were calculated in Matlab. The modeling was performed utilizing the function "lsqcurvefit" for least squares fitting of the parameters. Due to the stiff nature of the kinetics data and equations, integration of the differential equations was carried out using "ode23s". For curve fitting, the data was scaled from 0 to 1 with 0 relating to the fully quenched state (contracted state) and 1 to maximum observed fluorescence when all the DNA motor devices are extended. The opening of the DNA motor devices from the contracted to the extended state was modeled as a second order reaction between the contracted motor (CM) and the extending strand (f 2 ) to produce a fluorescent extended motor (EM) as represented by:
The standard second order kinetics equation was utilized for least squares fitting: When the motor extension did not run to completion (as determined by the fluorescence not reaching the maximum fluorescence observed when all strands are extended), the reaction was treated as being reversible. This was observed for the inosine substitution motor extension experiments (Fig. 3a) . In this case, it was assumed that the weak portion (μ) on the motor displaced the extending strand.
The concentration of the weak portion (μ) was approximated by its local concentration (≈160 μM = 1600 X). The kinetics equation then becomes:
Closing of motors from extended to the contracted state was modeled as either a reversible second order or third order reaction depending on whether 1 or 2 contracting strands (f c1 and f c2 ) were used to remove the extending strand from the motor device. The fluorescence decreases as a result of the addition of the contracting strands, however, adding excess contracting strands does not result in the contraction of all of the devices (Figure 2) indicating that removal of the f 2 is a reversible process. The contracting strand of the motor was modeled as a reversible reaction. The resulting equation becomes:
In the models, it was assumed that free extending strands would bind quickly with free contracting strands . Time-lapse fluorescence cycles from at 37°C using raw data.
